Summary. Lactation was initiated and confined to the mammary gland to which the neonate attached at birth, and continued for about 360 days. The 
Introduction
Mammals have evolved a number of diverse but highly successful reproductive strategies. Eutherian mammals at one extreme have evolved a complex placenta to permit a prolongation of pregnancy, while the marsupial mammals have elaborated a sophisticated pattern of lactation to permit the nourishment of a neonate that at birth is almost embryonic in form. The complexities of marsupial lactation have long been recognized (Collie, 1830;  Morgan, 1833a, b) , though we still have very little understanding of the control mechanisms involved. The red kangaroo (Macropus rufus) is the only species for which a substantial amount of information exists: milk production is confined to the mammary gland to which the neonate attaches, the volume of milk produced increases and the composition changes during lactation, and evacuation of the pouch leads to the birth of the next young and the development of a second lactation in parallel to the previous one (Sharman & Calaby, 1964; Sharman & Pilton, 1964 ; Lemon & Barker, 1967; Griffiths, Mclntosh & Leckie, 1972) . Thus at any one time the red kangaroo may support a dormant blastocyst in the uterus, a young in the pouch and a juvenile at foot, and display concurrent asynchronous lactation.
With most eutherian mammals very little milk can be obtained by the sucking of the young unless supported by an oxytocin-induced contraction of the myoepithelial cells surrounding the alveoli of the mammary gland. The neurohypophysis of the marsupial contains oxytocin, lysine vasopressin and phenypressin (Ferguson & Heller, 1965; Chauvet, Hurpet, Chauvet & Acher, 1980) , and for several years oxytocin has been used to facilitate the collection of milk for analysis (Gross & Bolliger, 1959) . There is, however, no information on milk ejection per se for any marsupial, or any information on how milk ejection is organized in relation to concurrent asynchronous lactation.
We have therefore studied the growth and development of the mammary gland of the agile wallaby, Macropus agilis, and the intramammary pressure changes evoked by the injection and infusion of neurohypophysial peptides. The agile wallaby displays a reproductive pattern similar to that of the red kangaroo (Text- fig. 1 (1976) found, the wallabies thrived in captivity in these conditions. All animals were dipped Cooper, Australia) fig. 5a ), whilst simultaneous recordings from galactophores of glands at different stages of lactation in the same wallaby revealed marked differences (Text- fig. 6 ).
Response of mammary glands 0-100 days of lactation. (Text-fig. 7 ).
Discussion
The mammary gland of the agile wallaby, like that of other species of the genus Macropus displays a remarkable degree of autonomy. Lactation is confined to the gland to which the neonate attaches, and the gland continues to grow for at least 200 days. What growth represents in terms of an increase in gland volume has not been determined. Each gland appears to contain over 20 separate lobes, as indexed by the number of galactophores, and although growth could represent the recruitment of more segments of the gland as the needs of the young developed, the number of milk-filled galactophores was the same at Days 50 and 250. We therefore conclude that the enormous increase in gland size relates to an increase in alveolar tissue as proposed by Griffiths et al. (1972) for the red kangaroo.
The nipples of the agile wallaby stretch to an extraordinary degree, and for this one can see two advantages: (1) the young can feed from almost any position in the pouch and (2) the danger of accidental detachment during maternal grooming or the sucking of the older sibling is reduced. The pouch young were frequently seen grasping the nipple with alternate forelimbs. The advanced development of these limbs at birth would appear to be an adaptation to facilitate entry into the pouch, although the vigour with which they grasp the nipple could serve to stimulate milk ejection or to aid in milk removal.
There are reports that kangaroos in captivity will occasionally suckle young other than their own (Merchant & Sharman, 1966) , and this could be the reason why our colony contained more wallabies with mammary glands in advanced lactation than there were juveniles present. There does, however, appear to be a second possibility whereby lactation might be maintained after a young at foot has been lost. During the second half of their pouch life the young are of sufficient size to feed from the nipple of the mammary gland that originally raised the older sibling. Pouch young are remarkably efficient in attaching themselves to the nipples, which could indicate the presence of cues such as pheromones, but it is not known whether the young always re-attach to the same nipple, since the nipples of both lactating glands are at this time of the same dimensions. It would be interesting to separate wallabies with pouch young of 100 days from their young at foot and study the subsequent development of the two mammary glands.
The present results clearly indicate that oxytocin is as important to the marsupial as it is to the eutherian mammal. On a body weight basis the wallabies responded to much lower doses of oxytocin than do rabbits (Harris, Manabe & Ruf, 1969) and rats (Lincoln, Hill & Wakerley, 1973) , and generated 8 times the intramammary pressure. In the rat and rabbit, vasopressin has 25% of the milk-ejecting activity of oxytocin (Berde & Boissonnas, 1968 (Text-fig. 3 ). Such multiple contractions as were recorded could be an artefact created by using a closed system from which milk cannot escape as it would during the sucking of the young. On the other hand, such contractility could be quite effective in 'pumping' milk into young during the early stages of pouch life. Indeed, this could account for lactation continuing for some weeks after denervation of the mammary gland of the tammar wallaby (Macropus eugenii) (Renfree, 1979) .
Although these studies do not establish unequivocally how milk ejection is organized in concurrent asynchronous lactation, a clear strategy does emerge. In early lactation (e.g. Day 40) the very 'small' pouch young (30 g) could not generate a substantial sensory stimulus to activate a milk-ejection reflex. However, we have already shown that milk ejection can be evoked by prolonged low-frequency electrical stimulation (4-5 pulses/sec) of the putative oxytocinergic neurones in the basal hypothalamus (Lincoln & Renfree, 1981) . This contrasts with the minimum effective stimulation frequency of 25 pulses/sec in the rat and rabbit (Harris et ai, sustained release of oxytocin. Such a release would cause a rhythmic pattern of milk ejection in the 'young' (oxytocin-sensitive) mammary gland, and the high pressures generated would, in the absence of a tight teat sphincter, result in milk being 'pumped' into the attached young. The 'older' (oxytocin-insensitive) mammary gland would not contract and spill milk into the pouch. Conversely, in late lactation (e.g. Day 250) the young at foot (2500 g) must produce a large sensory stimulus when it sucks at the nipple, leading to a correspondingly larger acceleration in the firing of the oxytocinergic neurones and hence release sufficient oxytocin to induce contraction of the gland. This oxytocin surge would have little effect on the 'young' gland if that gland was already contracting, because the pressure response reaches a plateau at about 60 mmHg and additional oxytocin will not elevate this pressure. If the 'young' gland is not contracting the effect of a milk ejection triggered by the young at foot will be simply to give the pouch young an additional meal, and because the young is continuously attached at this time milk will not be extruded into the pouch.
